PRC2 (PRC2-EZH1) in adult postmitotic tissues is unclear. Studying postmitotic muscle cells, Bodega et al. identified a cytosolic isoform of EZH1 that inhibits PRC2-EZH1 activity, thereby enabling the expression of muscle-specific genes. In conditions of muscle atrophy, the inhibition is alleviated and muscle-specific genes are repressed by PRC2-EZH1. Differentiated C2C12 mouse skeletal muscle cells (myotubes) express EZH1 but not EZH2. Following atrophic stress, H3K27me3 levels increased in cultured C2C12 myotubes; the increase was dependent on EZH1 expression and was reversed once the culture medium was refreshed. H3K27me3 levels were also examined in mice, in hindlimb muscles that atrophied following ten days of immobilization. Western blotting and immunofluorescence experiments revealed that H3K27me3 levels were increased in atrophic muscles, and decreased to control levels when muscles were allowed to recover for 24 days after disuse.
Chromatin immunoprecipitation followed by sequencing and gene expression analyses revealed a redistribution of H3K27me3 throughout the genome in atrophic conditions, and a doubling of the number of genes that were targeted and repressed by PRC2-EZH1. Notably, many of the downregulated genes were muscle-specific. In particular, in atrophic myotubes, increased H3K27me3 levels in the promoters of two examined genes, and consequently their transcriptional repression, were dependent on EZH1.
The authors next investigated the mechanism of PRC2-EZH1 activation during atrophy. They identified an alternatively spliced Ezh1 mRNA that encodes an EZH1 isoform that lacks the catalytic domain, which they referred to as EZH1β, whereas they refer to the canonical, full-length isoform as EZH1α. The expression of both isoforms increased during differentiation and both were co-expressed in adult mouse tissues. Surprisingly, EZH1β was localized exclusively in the cytosol of differentiated muscle cells, where it interacted directly with EED, which is the scaffold and H3K27me3-binding subunit of PRC2. A Förster resonance energy transfer competition assay showed that EED has a greater affinity for EZH1β than for EZH1α.
There are four EED protein isoforms, and C2C12 myotubes expressed mostly isoform 3, which is predominantly cytosolic. Upon the induction of atrophic stress, EZH1β was polyubiquitylated, resulting in its degradation by the proteasome. Consequently, its interaction with EED was reduced and EED was redistributed to the nucleus. The functional significance of the EED-EZH1β interaction was reinforced by overexpressing EED, which resulted in the repression of PRC2 target genes in both normal and atrophic conditions; the overexpression of EZH1β had the opposite effect, namely the upregulation of target genes in both conditions. In summary, by keeping EED out of the nucleus in normal conditions, EZH1β inhibits H3K27 trimethylation by PRC2 and supports the expression of muscle genes in myotubes. In response to atrophic stress, EZH1β is polyubiquitylated and degraded, thereby enabling PRC2-dependent repression of muscle genes.
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